ABSTRACT: Records of 18,770 Nelore animals, born from 1975 to 2002, in 8 herds participating in the Nelore Cattle Breeding Program, were analyzed to estimate genetic parameters for mature BW. The mature BW were analyzed as a single BW taken closest to 4.5 yr of age for each cow in the data file, considering BW starting from 2 (W2Y_S), 3 (W3Y_S), or 4 (W4Y_S) yr of age or as repeated records, including all BW starting from 2 (W2Y_R), 3 (W3Y_R), or 4 (W4Y_R) yr of age. The variance components were estimated by restricted maximum likelihood, fitting univariate and bivariate animal models, including weaning weight. The heritability estimates were 0.29, 0.34, 0.36, 0.41, 0.44, and 0.46 for W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and W4Y_R, respectively. The repeatability estimates for W2Y_R, W3Y_R, and W4Y_R were 0.59, 0.64, and 0.72, respectively. Larger accuracy values associated with the EBV were obtained in the repeated records models. The results indicated the bivariate repeated records model as the most appropriate for analyzing mature BW.
INTRODUCTION
In Brazil, animal breeding programs for beef cattle breeds have prioritized the selection of growth traits, such as BW or BW gain at certain ages. These traits are easy to obtain and present heritability estimates from medium to high, responding rapidly to selection, but show positive genetic correlations with adult BW (Silva et al., 2000; Meyer et al., 2004) . Therefore, selecting animals for greater BW at young ages will increase cow mature BW.
In recent decades, there have been concerns about the consequences on herd productivity of increasing cow size. There is evidence that the energy needed to maintain cow adult BW represents the greatest cost in the beef production system. Animals with greater genetic potential for growth are more efficient in environments where feed resources are not limited; however, in restricted environments, medium-sized animals are preferred (Jenkins and Ferrell, 1994) .
In this context, to maintain a desirable adult size it is necessary to include adult BW in beef cattle selection indices. However, there are difficulties in using adult BW in genetic evaluations because of the scarcity of BW records obtained after 2 yr of age. Moreover, the best way to analyze these records has yet to be defined.
In studies reporting genetic parameters for adult BW, some authors took a single BW measurement at 4 yr of age (Silva et al., 2000; Rosa et al., 2001) , whereas others used repeated measurements from 2 Meyer et al., 2004) , 3 (Pedrosa et al., 2006) , or 4 yr of age (Kaps et al., 1999) . Arango and Plasse (2002) and Choy et al. (2002) considered all BW available for females that entered the breeding season, obtained after 2 yr of age. The objective of this study was to estimate genetic parameters for female mature BW by using single or repeated measurements, including BW from 2, 3, or 4 yr of age, in an effort to address the various options for including this trait in genetic evaluations.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained Four birth or weighing seasons were defined: December to February (season 1), March to May (season 2), June to August (season 3), and September to November (season 4). For WW, the model included the fixed effects of contemporary groups (CG), and the linear and quadratic effects of animal age at recording and age of cow at calving as covariables. For adult BW, the model included the fixed effects of CG, and animal age at recording as a covariable (linear and quadratic effects). The CG for WW was composed of animals of the same sex and born in the same farm, year, and season. For adult BW, the CG included herd, year, and season of recording. Contemporary groups with fewer than 4 animals were excluded. The general structure of the data set is presented in Table 1 .
The components of variance were estimated by restricted maximum likelihood by using the software MTDFREML (Boldman et al., 1995) in univariate and bivariate analyses with WW. The mathematical description of the general model used for analyses of adult BW is as follows:
where y is the vector of observations; β is the vector of fixed effects; a is the vector of additive genetic direct effects; c is the vector of animal permanent environmental effects; and e is the vector of residuals. X, Z a , and Z c are incidence matrices relating β, a, and c to y. It is assumed that E[y] = Xβ; Var(a) = A Ä Σ a, Var(c) = I N Ä Σ c , and Var(e) = I N Ä Σ e , where Σ a is the additive genetic covariance matrix; Σ c is the animal permanent environmental covariance matrix; Σ e is the residual covariance matrix; A is the additive numerator relationship matrix; I is an identity matrix; N is the number of animals with records; and Ä denotes the direct product. The animal permanent environmental effect was included only in the adult BW analyses by using repeated measurements. In the bivariate analyses, the maternal genetic and permanent environmental effects were included for WW.
In all of the analyses, a pedigree file containing the identification of the animal, sire, and dam was used, with a total of 26,924 animals in the relationship matrix. Spearman correlation coefficients between adult BW breeding values estimated in different analyses (W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and W4Y_R) were calculated.
RESULTS AND DISCUSSION
The observed means and SD, by age, are shown in Figure 1 . The cows continued to gain BW until approximately 5 yr of age. The mean BW of the 5-yr-old or older cows (470 kg) was close to that reported in the literature for adult Nelore cows (Rosa et al., 2001; Pedrosa et al., 2006) .
The variance components and genetic parameters estimated for adult BW using the bivariate model are described in Table 2 . Excluding records from animals less than 4 yr of age from the analyses increased additive genetic variance estimates and decreased residual variance estimates in both single and repeated mea- surement analyses. In the latter analyses, exclusion of 2-and 3-yr-old cows led to an increase in permanent environmental variance estimates, consequently increasing the repeatability estimates. This greater correlation between records of the same cow probably occurred because, in this data set, the cows were close to or had already reached their mature size. Similar results were reported by Meyer (1995) and Mercadante et al. (2004) . The estimates of repeatability varied from 0.59 to 0.72, and are close to those reported in the literature for adult BW Choy et al., 2002; Meyer et al., 2004; Pedrosa et al., 2006) . Preliminary analyses using the univariate model showed estimates of heritability and SE of 0.21 ± 0.04, 0.24 ± 0.05, 0.26 ± 0.06, 0.25 ± 0.02, 0.30 ± 0.03, and 0.34 ± 0.04 for W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and W4Y_R, respectively. The heritability estimates in univariate analyses were less for the 3 definitions of mature BW, considering either single or repeated measurements, as compared with bivariate analyses. With the univariate model, repeated measurements yielded greater heritability estimates than single measurements, with slightly less SE, which suggest that the use of repeated measurements could result in more accurate analyses. Greater heritability estimates for repeated measurements were also observed with bivariate analyses (Table 2 ). The use of repeated measurements in a multivariate model, including BW before selection for adult BW genetic evaluations, allows better modeling of environmental variations (Kaps et al., 1999) .
The heritability estimates for adult BW in the bivariate model were moderate to high. These results agree with those described in the literature (Kaps et al., 1999; Mercadante et al., 2004; Pedrosa et al., 2006) , which vary from 0.30 to 0.52 (single records) and 0.35 to 0.53 (repeated records). These estimates suggest that inclusion of adult BW as a sire selection criterion will result in rapid genetic gains. However, to find the BW adequate for a given production system, economic selection indices including this trait will have to be developed.
The results suggest that 2-yr-old cow BW records should not be considered for genetic evaluations of adult BW. Meyer (1995) observed a similar trend in the variance components, analyzing adult BW including or excluding records of 3-yr-old Hereford and crossbred females. In Brazil, Mercadante et al. (2004) suggested excluding BW of 2-and 3-yr-old cows for evaluating adult BW in Nelore cattle. However, it is important to remember that the trait under study is obtained relatively late in the life of the animal, thus affecting the generation interval. Furthermore, exclusion of 2-and 3-yr-old cow records may lead to information loss, influencing the genetic evaluation of adult BW, especially for younger sires.
The values of accuracy associated with sire breeding values were greater in the repeated measurement models than in the single measurement models ( Figure  2 ). This result was expected, because, when using repeatability models, both heritability estimates and the number of records per animal increased.
For W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and W4Y_R bivariate analyses, the EBV accuracy means for sires of cows with records were 0.65, 0.61, 0.52, 0.94, 0.92, and 0.89, respectively. These results again indicate the superiority in accuracy of estimates obtained with repeated measurement analyses. In both cases, the use of information starting only at 4 yr of age reduced accuracy, compared with the use of repeated measurements considering BW from 2 and 3 yr of age. Excluding records of 2-and 3-yr-old cows is therefore not always beneficial, because it reduces the amount of information available, and consequently the accuracy of the estimates. However, considering BW from 2-yrold cows in the mature BW analyses could bias the estimates, because at this age the females are probably still far from reaching their adult BW.
These results are even more important for young bulls with no or just a few progeny. Our results showed that EBV accuracy means for young animals with no progeny information changed from 0.44 (W2Y_S), 0.41 (W3Y_S), and 0.39 (W4Y_S) when considering single records to 0.76 (W2Y_R), 0.70 (W3Y_R), and 0.64 (W4Y_R) when considering repeated records. Therefore, when mature BW repeated records are used instead of single records, it is possible to change the EBV accuracies from low to moderate, thus increasing genetic gain.
Sire rank correlations between breeding values for adult BW estimated under different models are shown in Table 3 . The correlations varied from 0.83 to 0.96, with greater values for repeated than for single record analyses. When a repeatability model was used, the sire rank correlation between W3Y_R and W4Y_R was close to unity (0.96), suggesting a similar sire rank regardless of the inclusion of BW starting at 3 yr of age. In the same way, the sire rank correlation between W4Y_S and W4Y_R was high (0.95); however, less accuracy was expected when using single records. Considering sires selected for W4Y_S (as used in some Brazilian breeding programs), the degree of coincidence obtained if selection was based on any other trait (W2Y_S, W3Y_S, and so on) is presented in Table  4 . Large differences occurred, mainly when the selection intensity was high. Changes in the definition of mature BW and in the model of analyses are not without consequences. When selecting the top 2 or 10% of the sires based on the predicted breeding values for W4Y_R, 84 and 91% of the same sires, respectively, would be selected if W3Y_R were considered as the selection criterion when using the same intensity. Differences in accuracy of the means when using either of these 2 traits was only 0.03. When the variance component estimates and breeding value accuracies were considered, the most appropriate model for genetic evaluation of mature BW would be a repeatability model, including BW starting at 3 yr of age. 
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